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doi:10.1016/j.ejvs.2010.02.018Abstract Objectives: This study aimed to describe the use of vacuum-assisted wound closure
(VAWC) and mesh traction to repair an open abdomen after aortic surgery.
Design: Prospective clinical study.
Material and methods: From October 2006 to April 2009, nine consecutive patients were
treated; seven of the patients received laparostomy following abdominal compartment
syndrome (ACS), while two wounds were left open initially. The indication for laparostomy
was intra-abdominal pressure (IAP) > 20 mmHg or abdominal perfusion pressure
(APP) < 60 mmHg and development of organ failure. V.A.C. therapy (KCI, San Antonio, TX,
USA) was initiated with the laparostomy, and supplemented with a fascial mesh after 2 days.
The wound was then closed stepwise with mesh traction and VAWC.
Results: All wounds could be closed following a median interval of 10.5 (range: 6e19) days
after laparostomy. A median of four (range: 2e7) dressing changes were performed. One
patient died on the seventh postoperative day. Two other patients died 38 and 50 days after
final closure, respectively. Left colonic necrosis was seen in two patients while incisional
hernia was observed in two patients. Mean follow-up duration was 17 (range: 2e36) months.
Conclusion: VAWC with mesh traction was successful in terms of early delayed primary closure
and is a useful tool in the treatment of open abdomen after aortic surgery.
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Treatment of Open Abdomen with Mesh Traction and Vacuum 61The abdominal compartment syndrome (ACS) was described
by Kron et al. in 19841 and later by Fietsam.2 It is caused by
increased intra-abdominal volume or extrinsic compression
of the abdominal wall, and may accompany the retroperi-
toneal haematoma usually observed following ruptured
abdominal aneurysm repair.3 The true incidence of ACS
after aortic surgery is unknown4, but in one study, seven
out of 27 patients developed ACS after surgery for ruptured
aortic aneurysm.5 In two studies of ruptured abdominal
aortic aneurysm (rAAA) treated with endovascular aneu-
rysm repair (EVAR), 20% developed ACS.6,7 If not recognised
and treated, ACS may lead to progressive organ failure and
death.2,8 The treatment of choice is prompt decompressive
laparotomy. In our department, awareness of this condition
has increased during recent years,9 partly due to the
consensus report from the World Society of Abdominal
Compartment Syndrome (www.wsacs.org) and the
increasing number of publications on this topic. Several
methods for temporary abdominal closure (TAC) have been
described.10e18 After the introduction of a vacuum-assisted
closure system, the care of patients with decompressive
laparotomy has become easier. This article describes the
practical use and early results of the V.A.C. therapy (KCI,
San Antonio, Texas, USA) combined with mesh traction
after aortic aneurysm surgery.18Material and Methods
Data were gathered prospectively. Altogether, nine
patients were included in a consecutive series where the
abdomen was left open after repair of rAAA (n Z 8) or
elective type IV thoracoabdominal aneurysm repair
(nZ 1)from October 2006 to April 2009 (Table 1). The total
number of patients treated for AAA during the study period
was 239, including 42 open aneurysm repair (OAR) and nineTable 1 Patient characteristics and details on treatment of op
Case
#
Sex Age
(years)
Diagnosis IAP
mmHg
Organ
failure
Days after
aortic
repair
Day
vac
trea
1 male 55 rAAA 40 O, RF 1 19
2 female 85 rAAA 25 O, RF 1 7
3 male 71 rAAA 20 O, RF 4 13
4 male 70 rAAA LO 12
5 male 76 rAAA 28 RF 5
6 male 66 Th-AAA 12 RF 12 10
7 male 79 rAAA 25 O 0 11
8 male 52 rAAA 35 RF 0 7
9 female 63 rAAA LO 6
EVAR Z endovascular aneurysm repair.
LO Z left open.
rAAA Z ruptured abdominal aortic aneurysm.
RF Z respiratory failure.
Th-AAA Z Thoraco-abdominal Aortic Aneurysm.
0 days Z redo surgery the same day as initial surgery.
O Z oliguria.EVAR for rAAA. Of the patients included in this study, seven
were treated with OAR and two by EVAR. In two cases, the
V.A.C. therapy was applied at the end of the initial oper-
ation since the fascia could not be closed without consid-
erable tension. In the other cases, laparostomy was done
after measurement of an elevated intra-abdominal pres-
sure (IAP)1,19 > 20 mmHg or abdominal perfusion pressure
(APP) < 60 mmHg and signs of organ failure. One patient
developed organ failure with a tense abdomen; the IAP was
12 mmHg and mean arterial pressure (MAP) was 55 mmHg,
giving an APP of 43 mmHg. All nine had a clean open
abdomen without any adhesions or fixity, classified as grade
1A.20 The distances between the fascial edges were not
measured. The V.A.C. therapy combined with mesh traction
technique is described in detail elsewhere,18 and only
a short description is given here. After completing the
decompressive laparotomy, the intestines are protected by
a foam sheet covered by plastic film to prevent the
formation of adhesions between the intestines and the
abdominal wall. This coverage allows the fascia to slide
over the dressing. An outer sponge secured by a plastic
drape covers the abdominal defect. Vacuum is applied at
a continuous pressure of 75 mmHg. After 2 days, the
dressing is changed and the abdominal wall is closed,
provided this can be done without tension. If not, the
dressing is changed completely and a Prolene (Ethicon,
Inc., Somerville, NJ, USA) mesh 30  30 cm, is sutured to
the fascial edges with a running monofilament suture and
then split in the midline. The mesh edges are approximated
in a loose fashion, and then sutured together (Fig. 1).
Thereafter, the sponge and plastic drape are applied as
previously described. A schematic representation of tech-
nique is given in Fig. 2. The dressing is changed every
second or third day. The mesh is cut and approximated in
the midline until the fascial edges can be closed by
a delayed primary suture. After removal of the mesh, theen abdomen.
s with
uum
tment
# of dressing
changes
Follow-up
(months)
Results Cost
(in Euros)
7 36 Small hernia, 3630
3 26 Fully recovered 1986
6 14 Fully recovered 3520
5 12 Fully recovered,
small hernia
2570
2 e Deceased
4 e Deceased 2095
3 e Deceased 2132
3 12 Fully recovered,
no hernia
1986
3 2 Fully recovered
No hernia
1547
Figure 1 The mesh edges are approximated in a loose
fashion over the plastic sheet covering the intestine, and then
sutured together.
62 A. Seternes et al.abdominal wall was closed with interrupted figure-of-eight-
stitches using Vicryl 2 (Ethicon GmbH, Norderstedt,
Germany). The laparostomy and first dressing change are
normally performed under sterile conditions in the oper-
ating room. The subsequent dressing changes, including
mesh-adjustments, are done under general anaesthesia in
the intensive care unit (ICU) with the assistance of a nurse.
All patients were on a ventilator and connected to infusion
pumps and monitoring devices, and did not have to be
moved to the operating room for dressing changes.
Prophylaxis with a broad-spectrum antibiotic, normally
a second or third-generation cephalosporin, was given until
the closure.
IAP was measured at least 3 times a day, and was kept
<15 mmHg to maintain the decompressive effect. No
formal IAP measurement was done during closure, but the
IAP was closely monitored in the ICU after each dressing
change. In patients in whom bowel resection was neces-
sary, the colostomy was placed as far away from the
midline as possible.
Results
Patient characteristics and main results are given in Table
1. ACS was complicated by respiratory failure in six cases
and oliguria in four cases, while laparostomy was per-
formed in two cases because the abdominal wall could not
be closed without undue tension. Prior to laparostomy, theFigure 2 Schematic presentation of the technique.median IAP was 25 mmHg (range: 12e40). Organ failure was
reversed in all patients, with the exception of one who died
7 days after decompression due to irreversible multi-organ
failure. Delayed primary closure of the fascia was
successful in all remaining patients with a median time
interval of 10.5 days (range: 6e19) after decompressive
laparotomy. The median number of dressing changes was
four (range: 2e7). We faced no problem with elevated IAP
after the introduction of VAWC with mesh traction. One
patient suffered from pancreatitis resulting in recurrent
ACS, and a second decompression became necessary 11
days after the initial closure. Colon necrosis occurred in
two cases; one with and one without ACS. They were both
treated by sigmoid resection 2 days after the initial aneu-
rysm repair. Intra-abdominal abscess formation, intestinal
fistula or vascular graft infection were not observed. Fluid
leakage was not a problem.
One patient died 38 days after final closure and another
after 50 days, due to heart and respiratory failure,
respectively, but not due to ACS in itself.
The mean length of follow-up was 17 months (range: 2e36).
The six surviving patients made a full recovery, but two small
incisional hernias were seen.
The material costs for the VAWC and mesh treatment
varied from 1547 to 3630 Euros for the individual patient.Discussion
Several techniques have been described to treat an open
abdomen. They range from loose packing of the abdominal
wound to retention sutures and mesh techniques to
approximate the fascia.10e18 Only one small randomised
trial comparing two different methods of TAC after trauma
surgery has been reported.21 They compared the use of
mesh and vacuum-assisted closure. The application of mesh
was compared to VAWC, and the results in the two groups
were similar. However, onlyw30% of the abdominal wounds
could be closed by delayed primary closure in this study.21
This is in contrast to our results where all cases were
successfully closed. We have a relatively short median time
interval to closure of 10.5 days, while other authors have
reported a median time of 32 days before the abdominal
wall could be closed.18 Difference in the patients’ condition
as well as degree of subsequent organ failure may partly
explain this discrepancy. Furthermore, our series consisted
of patients with only 1A open abdomens without any rigidity
or fixity at the time of initial surgery.
Dressings were changed under sterile conditions in the
ICU in all but the first and last dressing change. The mesh
application and the final closure were always performed in
the operating room. Hence, most of the dressing changes
were done during regular day-time working hours as this
facilitates dissemination of knowledge of the technique and
its use to staff members. We feel that the use of VAWC and
mesh traction has significantly facilitated the postoperative
care of patients with laparostomy in our institution. In our
earlier experience with loose packing of the open
abdomen, fluid leakage and frequent dressing changes was
common. By using the V.A.C. therapy and applying the
drape to a dry surface, the problem of fluid leakage has
been eliminated. In our study, no patient developed
Treatment of Open Abdomen with Mesh Traction and Vacuum 63intestinal fistula, compared to 2.9% in a recent review by
van Hensbroek 2008.22 We used a lower negative pressure
than others, 75 mmHg compared to 125 mmHg, but the
importance of this with regard to the risk of fistula forma-
tion remains speculative. No patients developed an
abscess, compared to a median of 2.6% of the patients
reported by other investigators.22 No vascular graft infec-
tion was observed, and this is in accordance with other
reports.23 Previously, laparostomy wounds were left open
to heal by second intention and using split-skin grafting to
cover the intestines. A large incisional hernia was likely to
follow, and repair of this could be difficult.24 To prevent
lateralisation of the fascia during the treatment, we agree
with Koss et al.17 that a fascial traction device in addition
to VAWC is needed to avoid excessive retraction of the
fascia laterally which could make the final closure difficult.
Two small incisional hernias were seen, but it is early to
estimate the risk of incisional hernia following our current
technique. We used Vicryl, which is a suture that absorbs
rapidly, to close the fascia. Israelsson et al.25 recommend
a permanent suture or a slowly absorbable suture to
prevent incisional hernias. A recently published RCT by
Seiler et al.26 did not confirm this. By the time of delayed
primary closure, we found that the fascial edges, some-
times, were quite ragged, and large bites of the fascia had
to be included in the suture. To avoid damage of the fascial
edges by the mesh-sutures, Miller et al. have suggested
that, after covering the intestines by a plastic sheet, only
a sponge should be placed between the plastic and the
outer abdominal wall before vacuum is applied.14 The two
cases of colonic necrosis were probably related to the
initial trauma of rAAA and ACS and not to the closing device
because they appeared prior to mesh placement.27 When-
ever left colon resection is necessary, we would recom-
mend placing the stoma as far from the midline incision as
possible to avoid adhesions between the intestine and
abdominal wall that are too close to the fascial edges. The
V.A.C. therapy and mesh traction closure method is
a practical wound closure system for the treatment of an
open abdomen, and has made this condition easier to treat.
However, a longer follow-up period and systematic studies
of the different steps of the procedure are necessary to
evaluate the effect of this approach on overall mortality
and morbidity after repair for rAAA with ACS.
Conclusion
Our study indicates that urgent laparostomy is an effective
treatment for ACS, and that closing of the open abdomen
with a combination of fascial traction and VAWC is feasible
in the clinical routine. However, further multi-centre
randomised trials are warranted to determine the optimal
treatment modality for patients with open abdomen after
aortic repair.
Study Limitations
This is a small group of patients treated with open abdomen
in a single institution. Other limitations are that there was
no randomisation, no control group and a rather short
follow-up period.Conflict of Interest/Funding
None declared.References
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